Ion exchange characteristics of gel-
Ion exchange is the most preferred technique for the removal of radioactive nuclides (such as Cs, Sr etc.) present in the LLW effluents [1], because it is versatile, clean, and dynamic in operation. From the point of view of economy and ease of procurement, use of indigenous (organic) ion exchange resin is the obvious option.
The main objective is to remove Sr ion from aqueous streams by indigenous resins. Hence, to evaluate the performance of indigenous resins in proper perspective, alkaline earth metal ion-hydrogen ion exchange equilibria have been studied by batch technique. In the present study, gel-and macroporous-type and nuclear grade strongly acidic cation exchange resins (designated as G,MP and N resins having the functional group -503-) obtained from three Indian manufacturers (designated 1, 2 and 3 and the resins as Gl, G2, G3; MP1, MP2, MP3 and N1, N2, N3) have been used. The performance of the indigenous resins has been compared with data obtained (in this study) using imported resins, gel-type (Dowex 50Wx4 and Dowex 50Wx8) and macroporous resin (Amberlyst-15).
In the uni-bivalent ion exchange systems, the solution phase activity coefficient corrections to evaluate the thermodynamic equilibrium constant become important and stringent [2] . Necessary solution phase activity coefficients corrections have been included while evaluating the thermodynamic equilibrium constants or selectivity coefficients. As the divalent ion is associated with two ionogenic groups, clustering of ions in the exchanger phase is an important factor. The results of these investigations are presented and discussed in this paper. 
Ion Exchange Equiliria
Batch technique was used for the equilibrium studies. Known amount (about 0.5 g) of the air-dried resins in the H+-form were equilibrated with 50 cm3 of a solution containing 0.1 mol dm-3 HCl and 0.05mol dm 3 MCl2
(where M = Mgt,Cat,Sr2+,Bat) for 5 h. The volumes of HCl and MCl2 in the mixture were varied to give different equivalent fractions, NM, in the exchanger.
The equilibriated solutions were analysed for M2+, using EDTA (0.05 N) at pH 10 (ammonia buffer) and EBT as indicator. The equilibrium composition of the exchanger and the solution phases were obtained from the amount of the exchanger used, its capacity, concentration of M2+ at equilibrium and the initial composition of the solution. The composition of the M2+ and H+ in the exchanger phase was calculated by difference. 
Results and Discussion
The ion exchange resins from the Indian manufacturers have been prepared by polymerising styrene with divinyl benzene as cross linking agent. The polymer is later sulphonated. The extent of cross-linking varies from different manufacturer; it will be in the range of 6 to 8%. The nuclear grade resins have higher attrition resistance than gel-type resins. Macroporous resins are prepared using an inert compound during polymerization, which is removed later. These resins are mainly used in demineralization plants to prepare high purity water. The variations in the performance of the resins from different manufacturers could be traced to the structure of the copolymer and the way the polymerisation process has been carried out. This is because the structure of the polymer network influences the ion exchange process.
As 12 types of resins have been used in the present study, only typical curves representing their performance are included in the paper.
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The selectivity (or preference) of Mg2+ by all the resins decreased with increase in the equivalent fraction in the solution (NM) (Fig.l) . Similar trends have been reported in literature [3, 4] . As Mg2+ has higher tendency to hydrate, it prefers the solution phase rather than the resin matrix with increase in the concentration of Mg2+ in solution (that is, NM). Among the resins obtained from the Indian manufacturers, the one from manufacturer 3, have overall higher selectivity, as evident from the shape of the ion exchange isotherms, as shown for N3 as an example in Fig. 1 .
Typical plots of log Kc vs NM (after incorporating the solution phase activity coefficients) required to calculate the ion exchange equilibrium constants for the alkaline earth metal ion -H+ exchanges on different resin used in the present study are shown in Fig. 2 . In general, the shape of the log Kc vs NM plots obtained in the present study (Fig. 2) are similar to those reported in literature [3, 4] , indicating similar type of mechanism for the exchange of alkaline earth metal ionic on these resins.
Being bivalent and binding simultaneously to two ionogenic groups, the clustering in the case of alkaline earth metal ions will be a function of loading, NM and water content. This has been well studied in the case of Ca2+ and Sr2+ using different techniques [6] . At low concentration of the divalent ion in the exchanger, isolated dimers of the ions are formed and at higher cation concentration, ion aggregates are formed (Fig. 2) [7, 8] .
As Mg2+ has a strong tendency to hydrate (Table 1) , the formation of the aggregate is limited. Hence, with increase in Mg2+ content, selectivity for Mg2+ over H+ decreases (Fig. 2) . Lesser tendency of Sr2+ and Ba2+ to hydrate (Table 1 ) and a stronger (specific) binding with -S03 groups possibly promotes the formation of ion aggregates (cross-linking between cation through 503 group) (Fig. 2) . A combination of all these effects is reflected in the sharp increase in the selectivity of divalent ions with increase in NM and results in a overall high values for the equilibrium constants, K (Table 1) .
Ion exchange selectivity series for typical ion exchangers having weak field strengths [9] (that is, 503 2+ is Ba2+>Sr2+>Ca 2+>Mg 2+ and is reported in literature [3, 4] .
A notable feature in the selectivities of the resins used in the study is the high selectivity values for Ca2+ by many resins over other ions. As bulk of the ion exchangers are used for the water treatment programme to prepare demineralised water, which essentially takes care of the removal of hardness forming cations, namely, Ca2+, it is possible that even while manufacturing the resin, the matrix is tailor-made for the removal of specifically Ca2+.
Entropy changes taking place during the ion exchange process has been shown to be a predominant factor promoting the ion exchange [4, 9, 10] .
A linear relationship between log K and the net difference in the water content, An,, (mol/equiv), for a given pair of ions, indicates the predominant role of entropy in the overall ion exchange process. In Fig.3 , typical plots of log K vs An11, for the resins used in the present investigation are shown. The linear relationship indicates the dominant role of entropy in the overall ion exchange process. (In order to take care of the scatter in data points, a median line has been drawn, for MP3).
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Based on the analysis of the data on capacity, water content and the selectivity, the overall performance of the resins obtained from the Indian manufacturer 1 are better than the ones from the others. From the point of view of selectivity for Sr2+, the performance of G3, MP3, N3 are better than other resins. Table: 1 Capacities and water contents (nw at awl) for H+ and alkaline earth metal ionic forms of indigenous ionexchanae resins
